The term planetary health-denoting the interdependence between human health and place at all scales-emerged from the environmental and preventive health movements of the 1970-
Introduction
"Just as peace is not merely the cessation of war, but a positive ideal, so health is not merely the absence of disease" Sir J. Arthur Thomson, Profess r of Natural History, University of Aberdeen, 1921 [1] .
In April 2018, international experts convened in Canmore, Alberta, Canada, to discuss the interdependence of personal, public, and planetary health. Participants with varied professional and disciplinary backgrounds presented research and perspectives on some of the most pressing issues of our time. These include, but were not limited to, infectious and non-communicable diseases, biodiversity losses, climate change, environmental degradation, socioeconomic inequality and poverty, health disparities, the dominance and marketing of ultra-processed foods, mental health and its biopsychosocial underpinnings, changing psychological relationships to the land/natural environment, marginalization of the voices and knowledges of minorities and Indigenous people, antimicrobial resistance, and disturbances brought about by rapid urbanization.
The meeting was hosted by inVIVO Planetary Health, an international research cooperative originating from the World Universities Network; the group, formed in 2012, has a multidisciplinary, multidimensional agenda that has drawn together a broad range of expertise aimed at better understanding the causes, consequences and potential solutions related to the grand challenges of our time. The cornerstone of inVIVO is scientific discovery and illumination of the ways in which the total lived experience (emotional experiences and physical/sensory exposures, both positive and negative) and environmental quality can manifest in immune and physiological parameters of health, disease and 'dis-ease'. In this quest, researchers from biological and medical sciences are better informed by perspectives of expert scholars from broader domains, including, but not limited to, experts in public health, ecology, political/social/environmental sciences, anthropology, philosophy, geography, spirituality, human culture, history/tradition, architecture, arts, ethics, and Indigenous governance and sciences. With this foundation, inVIVO is committed to an integrative approach to the process of discovery, one that treasures civility, respect, reciprocity, responsibility, relationships, optimism, and the fulfillment of human potential-as captured in concepts of the 'symbiocene'; an anticipated epoch in which mutualism will be considered imperative [2, 3] .
Here, we provide the historical background, which has guided the group to date and summarizes the major themes that emerged at the 7th inVIVO meeting. In doing so, we provide the Canmore Declaration, as a Statement of Principles for Planetary Health (Box 1). This consensus statement, framed by representative participants, expands upon the 1986 Ottawa Charter for Health Promotion [4] , and aligns with all aspects of the United Nations (UN) 2030 Agenda for Sustainable Development. It underscores the interconnectivity of all 17 UN Sustainable Development Goals (SDGs) [5] and affirms the urgent need to consider the health of person, place and planet as indistinguishable.
Given that:
I.
health is wellness II.
high-level wellness of humankind is a primary goal III.
planetary health is vital to and inextricably interlinked with high-level wellness IV.
and humankind must advocate for planetary health, the Canmore Declaration underscores that the critical problems of our time are non-linear and adisciplinary; as such they will require creative solutions with input from diverse perspectives. The starting point for any organization dedicated to health (as opposed to a specific disease or disorder) is contemplation of the word 1 . The sustainable vitality of all systems: Planetary health, inseparably bonded to human health, is defined as the interdependent vitality of all natural and anthropogenic ecosystems; this vitality includes the biologically defined ecosystems (at micro, meso and macro scales) that favor biodiversity; it includes the more broadly defined human-constructed social, political, and economic ecosystems that favor health equity and the opportunity to strive for high-level wellness; this definition also includes the business ecosystems that influence sustainable and health-promoting local and global commerce.
2. Values and purpose: Attitudes, values and behaviors, and relationships sit at the heart of reaching planetary health goals; that is, human vitality (wellness) depends intimately on planetary vitality that in turn depends on humankind, on human kindness, empathy, mutualism, responsibility, and reciprocity at the individual, community, societal and global levels; thus, achieving planetary health must be a product of the interconnected systems of life and the approach to living (lifestyle)-the bios and biosis, respectively.
3. Integration and unity: Planetary health is rooted in ancestral concepts of the unity of life; the complexity of the challenges we face demands integrationist approaches; responsibility for planetary health requires us to relinquish conventional professional, societal, and cultural partitions and to develop contextual coalitions based both on science and broader cultural narratives.
4. Narrative health: Promoting awareness and discourse toward solutions (including those emerging from science) demands a narrative-based process that includes traditional knowledge and sciences and an understanding of the power of language; in healthcare, this underscores a role for researchers, clinicians, public health physicians and health promotion professionals in engaging patients and the community-at-large (and their influencers, policy makers and political representatives) to underscore the importance of the earth's natural systems and biodiversity to human health and well-being.
5. Planetary consciousness: Planetary health requires commitment to self-awareness, cultural competency, and critical consciousness; to reduce the ways in which social, economic and political systems oppress groups and communities in different (and unequal) ways; to challenge contextual power hierarchies that block health equity; and to correct sources of misinformation that stand in the way of well-established personal, public and planetary health practices 6. Nature relatedness: We should educate on the importance of emotional connections to the land, to nature and its biodiversity; consider the psychological asset of nature-relatedness in clinical settings and beyond; encourage further research directed at understanding how mental and emotional relationships with place and planet are developed, and the biopsychosocial implications of experience (or lack, thereof) with nature.
7. Biopsychosocial interdependence: In the context of personalized/precision medicine, where possible we should promote understanding of our dependence on the natural environment around us (flora, fauna and our physical world) and intimately part of us (the human microbiome); use opportunities to illustrate and educate on how physiology (in health and disease) and dysbiosis (as a measurable microbial construct, and a metaphor from its Latin roots 'life in distress') can be linked through ecosystems operating from the micro to macro scales (e.g., misuse of antimicrobials, low-grade inflammation and/or the microbiome).
8. Advocacy: We should advocate for greater inclusion of the planetary health perspective in the training of all healthcare professionals; advocate for early-life education in sciences that 1) illustrate the interconnectivity of human life with the Earth's biodiversity and its natural systems; and 2) illustrate how individual wellness is predicated on our way of living with other humans, and other forms of life. Such discourse should be encouraged and included in the education of caring and teaching professionals (and widely throughout society), such that individuals will strive to lead by example, to reduce primacy and encourage unity.
9. Countering elitism, social dominance and marginalization: Planetary health requires greater awareness of the impact of authoritarianism, and strong advocacy against collective narcissism, hubris, and social dominance orientation, factors that otherwise reduce empathy, marginalize out-group voices and impede the World Health Organization's stated goals for global health promotion; research across all domains should occur with meaningful community engagement and partnerships that carefully consider the motivation and the beneficiaries of the research agenda.
10. Personal commitment to shaping new normative behaviors: We should strive to live by example: in clinical/academic/public settings and beyond we should endeavor to include the principles and practices of a planetary health lifestyle; in daily behavior, we should aim to be part of the solution, not the problem; remain committed to a planetary peace agenda; encourage mutualism, empathy and community cohesion; and underscore that aggression, conflict and violence are destructive to person, place and planet.
Defining Health, Wellness
"HEALTH: (i). The state of an animal or living body, in which the parts are sound, well-organized and disposed, and in which they all perform freely their natural functions; in this state the animal feels no pain; this word is also applied to plants. (ii) . Sound state of the mind; natural vigor of faculties. (iii). Sound state of the mind in a moral sense; goodness."
Health as defined in Scientific Dictionary, 1863 [6] Health is, of course, associated with the absence of disease and pain, yet it has long-since been defined to include positive terms such as 'vigor' and freedom to perform natural functions; indeed, after World War II, the World Health Organization included 'complete physical, mental and social well-being' in its Constitutional definition of health. There is little doubt, however, that over the last 50 years the focus and interpretation of health has been, understandably, heavily oriented toward disease eradication. On this score, particularly with regard to infectious disease and the armamentarium of biomedical research and development, there have been remarkable returns on investment. Immunization and antimicrobial therapies have reduced the morbidity and mortality due to infectious pathogens in the population, though pathogens remain a significant threat to the health of civilization. However, as the global burden of disease has shifted toward chronic, non-communicable diseases (NCDs), a greater need to understand the contribution of the environment and planetary ecosystems (as it relates to total, positive health and wellness) has emerged.
In a 1959 landmark paper, biostatistician and public health physician Halbert L. Dunn conceptualized the idea of 'high-level wellness' for humankind and civilization at-large (Box 2); Dunn called for greater research investments to be directed toward an understanding of the social, biochemical, physiological, and psychological pathways to 'peak wellness' (which he defined largely as 'vitality' and the full potential of an individual) (Box 2). Writing in the American Journal of Public Health, Dunn maintained that "wellness is not just a single amorphous condition . . . but is rather a fascinating and ever-changing panorama of life itself, inviting exploration of its every dimension" [7] . In this context, he presciently included risks to wellness being population pressures, rising rates of mental and functional illnesses, and the rapid speed of technological growth (particularly communications). Moreover, he stated: "it is probably a fallacy for us to assume, as so many of us have done, that an expansion in scientific knowledge can indefinitely counterbalance the rapidly dwindling natural resources of the globe" [7] . In other words, Dunn was acutely aware, even in 1959, that the ability to obtain high-level wellness at individual and civilization-wide scales, was predicated on the health of the planet.
Dunn's context for high-level wellness was beyond even national boundaries; in the era of rapid change, no longer could health be viewed as exclusively a local phenomenon: "The effects of these [environmental/social] changes ripple outward to all parts of the physical environment, affecting the entire ecology on which man is dependent, and also penetrating into the deepest recesses of his inner world" [8] . The search for high-level wellness in life (Greek, bios) cannot be separated from our individual and collective mode of living (Greek, biosis) or lifestyle; to understand such connections, Dunn advocated for educational efforts to "develop interest in biology on a vast scale, so that it would become of major interest to all. This would mean acquiring a deep interest in life-in the life process itself " [9] . Related to this, Dunn emphasized a need to understand how human attitudes to other forms of life (and the natural environment in general) are formed.
In his writings, Dunn underscored that pathways to individual and societal high-level wellness include a sense of purpose and opportunities for creative expression. He also discussed barriers to high-level wellness: most notably authoritarianism, clinging to dogma, myopic and uncritical allegiance to politicians/priests/pundits, and the inability to adjust beliefs and communication based on evolving knowledge (Box 3). Indeed, Dunn maintained that global wellness in the modern era is predicated upon teaching children critical appraisal skills early in life, and the ability to listen to opposing views while 'searching for points of mutual agreement'. Rather than focusing on what individuals were 'against', Dunn proposed a 'universal philosophy of living' that all humans would be More than a half-century on, Dunn's writings on the topic of high-level wellness remain relevant and of major importance to global health challenges; whilst he called for greater research emphasis on the physiological underpinnings of health, he also outlined the impediments to its study and actualization and described the potential risks of what we would now recognize as "silo" mentality in health and medical research. Dunn concluded that professional territorialism, particularly in science, medicine and the study of the human 'spirit' (our own inner world by which we conceptualize and interpret our perceptions of the outer world)-and the ways in which Western culture has divided the spirit and the body-was a barrier to health research: "The fragmentation of [humans] into areas over which various groups struggle to maintain their jurisdiction appears to be nonsensical since it tends to defeat the purposes of each group . . . harmony between jurisdictions can come to pass only when each special interest group realizes that it does not and cannot have monopoly over a particular area . . . [humans are] a physical, mental, and spiritual unity-a unity which is constantly undergoing a process of growth and adjustment within a continually changing physical, biological, social and cultural environment". Similarly, Indigenous communities have long recognized the interconnectedness of physical, mental and spiritual health. For example, the Maori concept of 'te whare tapa whā'-the four cornerstones (or sides) health model; physical, spiritual, family and mental health [12] .
In sum, the membership of inVIVO shares the views presented by Dunn; health is 'vitality'. At the personal level, vitality is described by researchers (and measured by various scales, including the vitality subscales of the SF-36 or Profile of Mood States) as 'approaching life with excitement and energy, feeling vigorous and enthused; living life as an adventure; feeling alive and activated; zest for life'. Vitality is emerging as a reliable marker of both physical and psychological well-being [13] [14] [15] [16] [17] ; it appears to be both a cause and consequence of a healthy diet, exercise, social support and other lifestyle habits [18] [19] [20] . Moreover, outdoor experience and exposure to natural environments has been linked with personal vitality and increasingly to protection from or modification of disease [21] . "If we believe in it [high-level wellness], if we are living it every day of our lives, we must speak out on its behalf. We must resist the mechanisms used to distort the truth and to warp our minds into submission. We must strive to open clogged channels of communication. We must strike out . . . at distortion, prejudice and rule by fear". [10] Dunn underscored that authoritarianism is a primary blockade to global wellness; he encouraged greater inclusion of political science in wellness discourse, as well as the study of leadership styles, and broader awareness of the propagandistic misuse of scientific findings (Box 3). While the threat of political authoritarianism to public health is well known [22, 23] , authoritarianism and social dominance orientation are not exclusive to politics; they can be found in many contemporary social structures, including those associated with westernized medicine [24] and science (which can subsequently determine topics 'worthy' of study and selectively influence 'health' policy) [25] . Contemporary research supports Dunn's contention that individual (and in-group) authoritarianism stands in the way of the collective action that otherwise promotes high-level wellness in the form of social rights-based movements (civil, gender, environmental, etc.) [26] .
As we segue to health at the planetary scale, it is worth noting that, beyond the individual, vitality is oft-used in the context of community and ecological health; researchers commonly refer to (and develop indicators of) the 'vitality' of public communities, forest ecosystems, soils, bodies of water, fisheries, and the landscape in general. So, too, vitality of the 'business ecosystem', 'academic faculty', 'organizational structure', 'democracy', etc., is commonly used within the writings of experts in occupational research, political science and economics [27] [28] [29] [30] . Hence, the vitality of ecosystems (as well as the vitality of particular species within them)-and our own vitality-is the common language of global health and high-level 'wellness'.
Planetary Health
"Even with all our medical technologies, we cannot have well humans on a sick planet. Planetary health is essential for the well-being of every living creature. Future healthcare professionals must envisage their role within this larger context" Thomas Berry, 1992 [31] The idea that human health is firmly attached to the vitality of the larger environment is part of the traditional knowledge that has been passed on by Indigenous cultures since time immemorial; it is experience-based, not merely theoretical knowledge. Moreover, the idea that health is not merely the absence of disease, but rather, a larger state of global wellness, has also been discussed throughout recorded history. Thus, we underscore that any proposition that might present 'planetary health' (the connections between human wellness and the health of ecosystems of scale) as a new idea or conception is, indeed, an absurdity. There has already been grotesque levels of appropriation of Indigenous knowledge, and any 'claims' of newness (or ahistorical assertions that marginalize ancestrally-rooted traditional perspectives) are not only at odds with the WHO mandate for global health [32], but will only serve to magnify an unhealthy 'in-group' dominance and undermine the opportunities for high-level wellness.
With due respect for the longevity and origins of the notion, we turn toward the specific term 'planetary health' in contemporary discourse. Over the last four decades it has been used to signify the interdependence of human health with that of the Earth's natural ecosystems. The term re-emerged from the environmental movement of the 1970s; for example, in 1980, the group Friends of the Earth shifted the World Health Organization's decades-old definition of health to include an ecosystems context, moving the health definition beyond individuals, communities and borders; "Health is a state of complete physical, mental, social and ecological well-being and not merely the absence of disease-personal health involves planetary health" [33] . In 1986, the landmark Ottawa Charter for Health Promotion underscored a 'socioecological approach to health'; the Charter erased the lines between states of health at various scales: "The overall guiding principle for the world, nations, regions and communities alike is the need to encourage reciprocal maintenance-to take care of each other, our communities and our natural environment. The conservation of natural resources throughout the world should be emphasized as a global priority" [4] . This remains a challenge in an age of increasing narcissism and declining empathy [34] ; that 'winner take all' attitudes remain dominant and encouraged further underscores the vital need for a significant shift in value systems.
The Charter reflected the formalization of a growing sentiment within public health and the healing professions, one that demanded greater attention to holistic views of well-being, systems approaches to health (biological and otherwise), as well as the perspective of the total lived environment (at local and global scales). Throughout the 1990s, allied health professionals began using the term planetary health to underscore that the health of the earth's natural systems has clinical relevancy, especially in prevention [35, 36] . The term was, of course, also used by environmental scientists; for example, marine biologist Sylvia Earle, Chief Scientist of the National Oceanic and Atmospheric Administration (NOAA) in the early 1990s, stated quite correctly that she was "charged with looking after planetary health" [37] .
This history of the term planetary health at once reflects the multidisciplinary nature of use, and also highlights the way in which the term cut through silos and unified individuals from seemingly disparate branches of science and healthcare. What has changed since the early origins of the term, at least in meaning, is only the increasing seriousness and urgency of the adisciplinary topic of planetary health; never before has there been a greater need for multidisciplinary collaboration. It is becoming increasingly clear that large-scale biodiversity losses, climate change, the global crisis of non-communicable diseases, psychological distress (especially in youth), incivility/conflict, isolation/loneliness (especially among older adults), prevalence of ultra-processed foods, unnecessary prescription use/polypharmacy, antimicrobial resistance, environmental degradation and grotesque social/health inequalities are interconnected problems that cannot be sealed or solved within traditional academic silos.
In 2015, the Lancet Commission on Planetary Health included 'civilization' in their definition of planetary health, defining it as 'the health of human civilization and the state of the natural systems on which it depends'. From its Latin roots civitas and civilis, civilization is related to citizenship, townships and city-states. Marquis de Mirabeau (who first used the term 'civilization' in 1756) and other Enlightenment writers envisioned a universal humanity that emphasized moderation, self-regulation, humane laws, a high level of purpose, decency in conduct, and limitations on war [38] . However, for many Indigenous peoples and colonized groups globally, the word "civilization" has been brandished as a means to invade their spaces, destroy their connectivity to nature and ancestral protection of biodiversity, and threaten their existence, culture, and territorial sovereignty [39] . Thus, the inclusion of the word civilization forces the question of "what kind of civilization and according to whom?", and a need to determine the quantifiable markers that truly capture the sustainable health and vitality of any human community.
The linkages between the rise and fall of human civilizations vis à vis natural systems (and environmental degradation) have been witnessed, retrospectively, over the millennia; yet, it still remains difficult for humans to see these connections in a prospective way. Scientific tools have helped populations to visualize the threats posed by climate change, environmental degradation and global biodiversity losses-and the pathways which lead to NCDs-but massive challenges remain, especially with regard to human behavior change. Thus, our view of citizenship in the 21st century must place a cognitive-behavioral 'concern for future consequences' as priority in a 'humane society'. As Jonas Salk stated, citizenship in the new era means wanting "those who follow us to look back on us as having been wise ancestors, good ancestors" [40] .
Challenges 2018, 9, 31 8 of 18
As the term planetary health moves into the lexicon of mainstream science and medicine, there are also grand opportunities; indeed, the opportunity to break down silos has never been better. It is increasingly clear that the historical territorialism in the turf-protected branches of science and medicine is an arbitrary and artificial 'ism' that impedes progress. Scientific advances allow clinicians, policymakers and the public-at-large to see how threats to the Earth's natural systems and biodiversity losses (and related problems mentioned above) are manifesting in NCDs, the immune system, the human-associated microbiome, mental health, and other objectively-measurable, health-relevant endpoints. While there are fundamental differences in emphasis, overlapping groups such as One Health, EcoHealth, the Planetary Health Alliance, and other planetary health organizations (and representative journals such as Lancet Planetary Health) are working toward the same holistic and interdisciplinary goals of safeguarding heath at the human-animal-environment interface [41] .
The inVIVO group shares the same tangible goals of these and other global networks: to support evidence-informed policy and practice which tackles some of the most pressing health concerns of our time.
One of the goals of inVIVO-through research and discourse-is to personalize planetary health for individuals, healthcare providers and policymakers, and provide a greater understanding of the ways in which 'systems' (social, political, economic, cultural) are interconnected and of relevance to biological systems at the individual, community and global levels (See Box 4). Low-grade inflammation (immune responses in general) and the microbiome (even though it is still in its scientific infancy) represent points of entry for discourse concerning the ways in which lifestyle-and the social, political and marketing factors that influence lifestyle-can manifest in the biology of health. For example, it is already possible to trace the policies and practices that promote the marketing of westernized diets, ultra-processed foods/soft drinks and fast-food (that is, dietary patterns that are at odds with high-level wellness at personal, public and planetary scales) to low-grade inflammation, widespread microbial perturbation, and environmental degradation [42] [43] [44] [45] . Moreover, it is also possible to determine how negative outcomes associated with such policies and practices are disproportionately shouldered by disadvantaged individuals and communities [46] . These biopsychosocial interactions underscore the critical intersection between mechanistic studies and social sciences. Advances in metagenomics, proteomics, metabolomics, and systems biology are providing new ways of evaluating the biological impact of total environmental exposures-the 'meta-exposome' defined as the total environmental exposures affecting all living systems [47] . This multi-layered approach, now facilitated by integrative bioinformatics and high-performance visualization engines, allows examination of complex exposures at the both individual and population levels, and interactions between these. In this way, we can better examine the bidirectional effect of the environment on human subjects and, conversely, the human influence on all living systems and their genomes [47] . As well as defining the adverse exposures eroding health, this will illuminate exposures that promote resiliency over the life course, to pave the way for health promotion and disease prevention. "For we dream in narrative, daydream in narrative, remember, anticipate, hope, despair, believe, doubt, plan, revise, criticize, construct, gossip, learn, hate and love by narrative. In order to really live, we make up stories about ourselves and others, about the personal as well as the social past and future" [48] .
Professor Barbara Hardy, University of London. 1968
Stories and storytelling are central to the human experience. Narrative-based medicine is a burgeoning movement within medical training and clinical care; it places emphasis on the 'story' of the patient and their symptoms and concerns in the context of their total lived experience. It also includes the physician's own stories-inclusive of their personality features, values and collected experiences-which interact with the patient; ideas concerning causation and pathways to management-especially concerning complex, chronic diseases and the pursuit of wellness-become their own story and form the basis of communication. The importance of 'the story' and the benefits of narrative-based medicine in clinical care (especially regarding effective communication, empathy-building, deeper understanding, increasing awareness, diminishing fear, pathways to change) are described within expert reviews [49, 50] . Furthermore, psychodrama -a form of experiential therapy that uses active and creative approaches (in particular, guided drama and role playing)-may also illuminate the importance of personal stories vis à vis planetary health [51] .
The principles of narrative medicine need not be constrained to the clinic; the health and wellness of communities, places and the planet itself also demands a narrative approach. The story of planetary health (or the voice of the planet) can be made audible through a deeper understanding of our biopsychosocial relationship to the Earth. Concepts such as 'nature relatedness', 'sense of place', 'topophilia', etc., help to provide a narrative surrounding the development of individual and community-level emotional connections to the land [52] , and 'ecological grief' provides a story concerning the consequences of destroying those bonds [53] .
Narrative-based planetary health will, as stated by Harvard psychiatrist John E. Mack (1929 Mack ( -2004 , allow us to "tell unpleasant or unwelcome truths about ourselves . . . to explore our relationship with the Earth and understand how and why we have created institutions that are so destructive to it.
"Developing the new [relational psychology of the Earth], it must, by virtue of the very nature of the task, be a psychology that includes a powerful spiritual element. This will mean, for example, a reanimation of the forests and of nature, which we have so systematically and proudly denuded of their spiritual meaning . . . by and large we in the West have rejected the language and experience of the sacred, the divine, and the animation of nature. Our psychology is predominantly a psychology of mechanisms, parts, and linear relationships. We have grown suspicious of experiences, no matter how powerful". [54] Discovery and solutions-oriented research concerning these and other grand challenges facing humanity (and the threats faced by all species on Earth) is essential to the progression of public health [55] (Box 5); however, the complexity of discourse transcends any particular discipline, and necessitates an understanding of traditional cultures, politics, global marketing, and the psychology of behavior and individual differences [38, 56] . As stated by scholars Louise Potvin and Catherine M. Jones: "There is a tendency to ignore that scientific facts alone cannot drive action; it is the normative lens through which scientifically established facts are read that ultimately dictates public action" [57] . It is our opinion that within clinical, academic and other settings, the narrative of planetary health requires a looking glass so that an individual can see the Earth's natural systems (and human-built social/political/economic systems that influence those natural systems) within themselves. As highlighted in the Lancet Rockefeller Report [53] , human progress in expansion of life expectancy, global reductions in poverty, and curbing of child mortality has been impressive; however, coincident with these gains have been massive increases in resource consumption and exploitation of the environment. Planetary health is, according to the Report, predicated upon nutritious food supplies (less food waste and dietary patterns that decrease environmental pressures), clean water (used with less wastefulness), nutrient-dense soils (curbing soil degradation), maintenance of forests (curbing deforestation), family planning, city planning, and overall better governance (with an aim toward local, national and global policies that reduce environmental damage and promote health) [58] . Planetary health is at the nexus of urgent global concerns; worldwide, close to a billion people experience chronic hunger (with many more experiencing micronutrient deficiencies), and billions still lack safe drinking water, sanitation and/or household energy [59, 60] ; these pressing concerns-basic matters of health-are already being compounded in some regions by climate change [61] .
inVIVO Planetary Health, 2018 Conference
The headline theme of the 2018 meeting was "Transforming Life, Unifying Personal, Public and Planetary Health". Set against the awe-inspiring, species-rich, fecund ecosystem of the Canadian Rockies, our agenda underscored the critical links between nature, biodiversity and human health, enriched and informed by stories from Inuit and other First Peoples' communities. We addressed not only the physical impact of environmental degradation, but the psychological and existential distress experienced by individuals and communities when their 'place' and 'purpose' are eroded by environmental damage through the concept of 'solastalgia' coined by eco-philosopher Dr Glenn Albrecht [62] , who set forth the philosophical framework for our meeting. While effects of 'ecological grief' may be more evident in communities with closer relationships with natural environments, as emphasized by Dr Ashlee Cunsolo, the effects of climate change, environmental degradation, and macroscale biodiversity losses are increasingly affecting every community [53] . As expressed by Indigenous cultures for centuries "Human health and planetary health are the same thing . . . to harm the Earth is to harm the self " [63] (Figure 1 
As highlighted in the Lancet Rockefeller Report [53] , human progress in expansion of life expectancy, global reductions in poverty, and curbing of child mortality has been impressive; however, coincident with these gains have been massive increases in resource consumption and exploitation of the environment. Planetary health is, according to the Report, predicated upon nutritious food supplies (less food waste and dietary patterns that decrease environmental pressures), clean water (used with less wastefulness), nutrient-dense soils (curbing soil degradation), maintenance of forests (curbing deforestation), family planning, city planning, and overall better governance (with an aim toward local, national and global policies that reduce environmental damage and promote health) [58] . Planetary health is at the nexus of urgent global concerns; worldwide, close to a billion people experience chronic hunger (with many more experiencing micronutrient deficiencies), and billions still lack safe drinking water, sanitation and/or household energy [59, 60] ; these pressing concerns-basic matters of health-are already being compounded in some regions by climate change [61] .
The headline theme of the 2018 meeting was "Transforming Life, Unifying Personal, Public and Planetary Health". Set against the awe-inspiring, species-rich, fecund ecosystem of the Canadian Rockies, our agenda underscored the critical links between nature, biodiversity and human health, enriched and informed by stories from Inuit and other First Peoples' communities. We addressed not only the physical impact of environmental degradation, but the psychological and existential distress experienced by individuals and communities when their 'place' and 'purpose' are eroded by environmental damage through the concept of 'solastalgia' coined by eco-philosopher Dr Glenn Albrecht [62] , who set forth the philosophical framework for our meeting. While effects of 'ecological grief' may be more evident in communities with closer relationships with natural environments, as emphasized by Dr Ashlee Cunsolo, the effects of climate change, environmental degradation, and macroscale biodiversity losses are increasingly affecting every community [53] . As expressed by Indigenous cultures for centuries "Human health and planetary health are the same thing… to harm the Earth is to harm the self" [63] (Figure 1) . Improving the health of all systems depends on: mutualistic values; planetary consciousness; advocacy; unity of purpose; recognition of biopsychosocial interdependence; emotional bonds between people and the land; efforts to counter elitism, social dominance and marginalization; meaningful cross-sectoral and cross-cultural narrative; self-awareness; and a personal commitment to shaping new normative attitudes and behaviors. Extending this, concepts of 'dysbiotic drift' [64] underscore how rapid urbanization and modern lifestyle patterns are also reflected on the microscale, and how disruption of microbial diversity, essential to all aspects of physical and mental health, is implicated in the epidemic rise of inflammatory NCDs [42] . Thus, microbiome science allowed us to begin to draw more direct lines between personal and planetary health, and provided the context for unifying conversations between researchers from biological, psychological, environmental and social sciences with a holistic and integrated perspective.
This framework also provided the basis for discussing how specific facets of the modern environment contribute to dysbiosis (in both the microbiological definition and the Greek etymological root = Life in Distress) and inflammation. This included the increasing burden of modern dietary patterns with ultra-processed food, escalating technology culture, sedentary indoor behavior, air and water contamination, large-scale use of antimicrobial products (including pharmaceuticals and household cleaning products), alcohol, tobacco, excessive noise and light pollution, stress (physical and psychological), electromagnetic radiation [65, 66] , screen-time, sleep disruption and many other adverse exposures that were not present in pre-industrial environments. These social 'vectors' of dysbiosis demonstrate how the risk of NCDs is actually transmissible through social and economic systems and through intergeneration epigenetic effects [67, 68] with implications for environmental justice [69] . Our discussions underscored that solutions to the global health crisis will ultimately depend on upstream 'life course' approaches, which recognize that a significant proportion of disease risk is programmed early in life [70] . Moreover, it is our position that dysbiotic drift disproportionally affects the health of disadvantaged populations, addressing these issues is a matter of both social and ecological justice.
We made clear that solutions must not only address the burden of 'excess', but also recognize the dual burden incurred by the 'loss' of protective aspects of ancestral environments, and consider attempts to restore some aspects of the latter. These facets of 'loss' extend from the obvious physical loss (of biodiversity, species, local foods and produce) to the loss of community (of language, tradition, and stories) and the far less tangible aspects of loss (of value systems, privacy and solitude, peace, respect, spirituality, compassion, awe and wonder). Efforts to address this are essential to restore our sense of purpose, place and identity, and ultimately for all aspects of our personal and societal health.
Through our collaborations, there is a growing network of prevention-based intervention cohorts aiming to improve health outcomes within an ecological framework: exploring the wider factors that enhance resilience, such as building nature relatedness [71, 72] , interpersonal relationships, purpose, mindfulness [73] , and positive emotions [74] and increasing the amount and quality of our sleep. This will determine whether these 'upstream' approaches to wellness behavior will have flow-on effects on the 'usual' risk targets (such as poor nutrition, physical inactivity, stress, and substance abuse) by influencing these core behaviors through better relationships with self, community and the environment. It is our conjecture that in addition to contributing to our knowledge base, that community cohorts, especially those focused on young families, could be part of the solutions in every community towards nourishing individuals and whole communities. In essence, cohort studies represent a pathway for global change to begin locally, through interconnected grass-roots strategies.
Inspiring examples included the work of indigenous physician Dr Nicole Redvers in conjunction with the Artic Indigenous Wellness Foundation; recipient of the $1 million Artic Inspiration Prize, Dr Redvers and her team work toward revitalizing community health with language, culture, traditional foods and practices [75] . There were numerous other examples of ecological solutions with multi-dimensional benefits, including restoring beneficial microbes to improve soil health and crop yields, detoxifying environmental pollutants, and even buffering against colony collapse disorder in bees by protecting against pesticide immunotoxicity [76] . When applied to low-income communities, such as those in sub-Saharan Africa, ecological strategies to food production are showing community benefits not only for health but also for employment, training and women's empowerment [77] . In Hong Kong, relatively simple nature play programs in young children [72] are already showing benefits, not only for social and emotional outcomes and nature connectedness, but also for physical activity and healthier eating habits and behaviors. The nation-wide benefits of nature-based programs have been illustrated in Finland [78, 79] where there are now plans for multi-city day-care programs to promote: (1) more fruits and vegetables and less meat; (2) less food waste; and (3) more nature contact in children as a partly-controlled study that will also examine the impact on skin microbiomes and diverse health outcomes.
Our meeting had a strong focus on positive emotional assets for long-term health and resilience, including evidence of anti-inflammatory effects [74] and other biological benefits of interventions such as mindfulness training [73] . Interventions to promote positive emotional assets in children are showing benefits for global mental health outcomes [80] . This is of increasing importance in the face of the current mental health crisis (another consequence of dysbiotic drift), with significant increases in psychological distress now affecting children and youth.
We had comprehensive discussions on the complex biological pathways that may promote mental well-being, including the apparent benefits of contact with environmental microbiota [81] and how this may be modulated through contact with natural environments [82] and/or through microbial interventions [83] , such as probiotics in animal models [84] and in humans [85] . As a major determinant of the gut microbiome, there was a strong focus on the adverse ecological effects of ultra-processed foods [86] and modern dietary patterns, and how these foods may alter the gut microbiome as a pathway to their adverse effects on metabolism and inflammation [46] . Conversely, we explored the multiple health benefits and anti-inflammatory effects of traditional dietary patterns (including the Mediterranean diet), which have recently demonstrated possible benefits for mood and mental health [87] . Examples of efforts to restore traditional sustainable foods and understanding the impact of food transitions on Indigenous populations [88, 89] were discussed, including the sense of hope and community empowerment that these programs bring. In this, we strive to support the "reanimation of the forests and of nature, which we have so systematically and proudly denuded of their spiritual meaning" [54] .
Taking many lessons from First Peoples, inVIVO Planetary Health is committed to concepts of mutualism in addressing global health and environmental challenges, recognizing that creative, nonlinear solutions will require diverse integrative perspectives. Our discussions affirmed our commitment to breaking down the artificial boundaries between disciplines that can serve as barriers to progress. While our role is in gathering the evidence required for creating pathways to change, it is equally directed at the advocacy required to get there. We affirmed our goal of continuing to contribute to the global health narrative, by creating a forum for researchers, educators and advocates from any field to join a shared conversation. The voices of early career researchers featured prominently in our program, many already internationally recognized, because we hope to encourage cross-sectoral links for a new generation of care takers, to help build the values and vision for generations to follow.
The Canmore Declaration
Among the many health charters and declarations, the World Health Organization's 1986 Ottawa Charter for Health Promotion remains a timeless framework for the building of a healthier world with greater equity and socioeconomically just systems. Of course the world has changed dramatically since 1986, especially with regard to telecommunications, automation, and global marketing; however, these disruptive forces were not unanticipated, and indeed the deeply-transformative potential of the internet and occupation-displacing robotics were already in widespread discussion by the mid-1980s [90] [91] [92] . The framers of the Ottawa Charter set up a progressive, foundational agenda for health promotion, which is no less relevant in the era of high-technology.
Briefly, the Ottawa Charter underscored that health promotion should be oriented to larger aspects of wellness, including consideration of the upstream drivers (societal systems, communities and organizations) that work toward (or against) the adoption of healthy lifestyles by individuals. The Charter set forth basic prerequisites for health, including peace, shelter, education, food, income, a stable ecosystem, sustainable resources, social justice, and equity. The framers moved beyond local boundaries and included a planetary, socioecological approach to health: "Caring, holism and ecology are essential issues . . . the inextricable links between people and their environment constitute the basis for a socioecological approach to health. The overall guiding principle for the world, nations, regions and communities alike is the need to encourage reciprocal maintenance-to take care of each other, our communities and our natural environment" [4] .
The Charter underscores that the pathway to fulfilling prerequisites for health (and the broader aspects of human potential, and human well-being) demand that individuals, groups and organizations (i). Advocate (advocacy for health-promoting initiatives including political advocacy), (ii). Enable (facilitate equitable opportunity for healthy choices, education/skills, access to information), and (iii). Mediate (health promotion does not "belong" to one particular entity or group; however, in the pursuit of health, professionals in the health sector have a major responsibility to mediate between differing interests in society). The Charter settles on five action areas: build healthy public policy; create supportive environments; strengthen community action; develop personal skills; and re-orient health care services toward prevention of illness and promotion of well-being.
The Ottawa Charter is the template for the promotion of global wellness, and we encourage readers to review the concise document. The Ottawa Charter's primary tenets remain timeless, and its exhaustive coverage of the systems that determine health promotion have only magnified its saliency in the midst of a crisis of NCDs, gross health inequalities, and environmental degradation. Here, we pledge support for the Ottawa Charter and include our own Statement of Principles concerning what has since been termed planetary health (see Box 1).
Conclusions
In April 2018, the inVIVO Planetary Health network convened in Canmore, Alberta, Canada. Planetary health, inseparably bonded to human health, was formally defined by the network as the interdependent vitality of all natural and human-generated ecosystems (social, political, and otherwise). The discussions underscored that the complex, non-linear problems that threaten health at levels of person, place, and planet are adisciplinary; input from multiple disciplines will allow us to pose the right questions, to set a planetary health research agenda that can further illustrate and inform on the direct and indirect pathways between the high-level wellness of humankind and the vitality of the Earth's natural systems.
Planetary health requires scientific discovery and illumination of ways in which the total lived experience (mental/emotional experiences and physical/sensory exposures, both positive and negative) and environmental quality, can manifest in immune and other physiological parameters of health, disease and 'dis-ease'. It is our contention that planetary health requires an understanding of traditional and place-based knowledges and sciences and cultural competencies. Planetary health is not a new idea or concept; it is a concept well-understood by our ancestors-to damage the Earth is to damage the self. The inVIVO Planetary Health collaborative is committed to an integrative approach to the process of discovery, one that treasures civility, respect, reciprocity, responsibility, relationships, optimism, and the fulfillment of human potential. "The challenge posed by the concept of high-level wellness is how to achieve its ends within everyday living and for [humankind] as a whole. The challenge must be met both by individuals and by society within its various groups, ideologies, races, religions, and cultural patterns. Self-assurance will be needed to meet this challenge. We must have the courage to change ourselves when this is called for and to trust ourselves and our fellow [humans] . . . to the dictum from the Greeks, "know thyself", we must mature so that we can add to it, "trust thyself"."
